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transferred arc mode, a gas source coupled to the plasma 
chamber, the gas source providing gas for operating in a pilot 
arc mode and a transferred arc mode, and a passive pilot arc 
circuit coupled betWeen the poWer supply and the noZZle, the 
passive pilot arc circuit controlling the operation of the torch 
in the pilot arc mode. Either the electrode or the noZZle can be 
translatable for blow-forward or blow-back mode of opera 
tion. 
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PILOT ARC CIRCUIT FORA CONTACT 
START PLASMA TORCH 

BACKGROUND 

Plasma arc torches are Widely used in the cutting of metal 
lic materials. A plasma arc torch generally includes a torch 
body, an electrode mounted Within the body, a noZZle With a 
central exit ori?ce, electrical connections, passages for cool 
ing and arc control ?uids, a sWirl ring to control the ?uid ?oW 
patterns, and a poWer supply. The torch produces a plasma 
arc, Which is a constricted ioniZed jet of a plasma gas With 
high temperature and high momentum. Gases used in the 
torch can be non-reactive or reactive (e.g. argon, nitrogen, 
oxygen or air). 

In operation, a pilot arc is ?rst generated betWeen the 
electrode (cathode) and the noZZle (anode). The pilot arc 
ioniZes gas passing through the noZZle exit ori?ce. After the 
ioniZed gas reduces the electrical resistance betWeen the elec 
trode and the Workpiece su?iciently, the arc transfers from the 
noZZle to the Workpiece. The torch may be operated in this 
transferred plasma arc mode, Which is characterized by the 
conductive How of ioniZed gas from the electrode to the 
Workpiece, for the cutting of the Workpiece. 

SUMMARY 

Contact starting is one knoWn technique for generating the 
pilot arc in a plasma torch. Contact starting is advantageous 
because it does not require high frequency equipment and 
does not normally generate electromagnetic interference. 
Typical contact starting systems include pilot arc circuits 
having a means for supplying pilot arc current, a pilot arc 
resistor, a current sensor, and a pilot arc relay, or a combina 
tion thereof, for transferring current from a pilot arc mode to 
a transferred arc mode. These pilot arc circuits increase the 
system siZe and cost of production. 
A contact start plasma arc torch is provided that includes a 

passive pilot arc circuit that decreases the siZe and cost of the 
torch. The plasma arc torch includes a torch body, an elec 
trode having a longitudinally disposed axis and mounted in 
the body, a noZZle having a longitudinally disposed axis, the 
noZZle axis being disposed substantially collinearly With the 
electrode axis, a poWer supply coupled to the electrode, the 
noZZle and a Workpiece, the poWer supply providing a current 
for operating the torch in a pilot arc mode and a transferred arc 
mode, and a pilot arc circuit coupled betWeen the poWer 
supply and the noZZle, the pilot arc circuit controlling the 
operation of the torch in the pilot arc mode. Either the elec 
trode or the noZZle can be translatable. 

The pilot arc circuit can include a pilot capacitor and a pilot 
resistor. The pilot capacitor and pilot resistor can be coupled 
in series. The pilot capacitor can have a value ranging 
between 10 microfarads and 100,000 microfarads. The pilot 
resistor can have a value ranging betWeen 0.1 ohms and 100 
ohms. In some embodiments, the pilot arc circuit can include 
a pilot capacitor and a pilot variable resistor or a pilot capaci 
tor and an inductor. The pilot arc circuit can further include a 
discharge circuit coupled in parallel to the pilot capacitor for 
the discharging the pilot capacitor. The discharge circuit can 
include a discharge resistor and a discharge relay. 
A method for operating of a contact start plasma arc torch 

includes providing a contact start plasma arc torch having an 
electrode and a noZZle disposed in a torch body, supplying 
electrical poWer to the torch for operation in a pilot arc mode 
and a transferred arc mode, and disconnecting poWer to the 
pilot arc mode of the torch through a passive pilot arc circuit. 
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2 
The pilot arc circuit disconnects When the pilot arc capacitor 
is charged or substantially charged. The poWer can be discon 
nected at a predetermined time, Wherein the predetermined 
time can be determined by an RC time constant of the pilot arc 
circuit. The magnitude of a pilot arc current can also be 
determined by the RC time constant of the pilot arc circuit. 
The RC component values can be ?xed or variable. 
The method can further include removing electrical poWer 

to the torch and discharging the pilot arc capacitor through a 
discharge circuit. The discharge circuit can include a dis 
charge resistor and a discharge relay. 

There is also provided a contact start plasma arc torch 
including means for supplying electrical poWer to a contact 
start plasma arc torch for operation in a pilot arc mode and a 
transferred arc mode and means for disconnecting poWer to 
the pilot arc mode of the torch though a passive pilot arc 
circuit. 

There is also provided a poWer source for a contact start 
plasma arc system including a poWer supply for supplying 
electrical poWer to a torch for operation in a pilot arc mode 
and a transferred arc mode and a passive pilot arc circuit for 
disconnecting poWer to the pilot arc mode. 

Advantages of the contact start plasma arc torch include: a 
passive pilot arc starting circuit; automatically disconnecting 
the pilot arc circuit at a predetermined time; easily setting the 
magnitude of the pilot arc current; eliminating the need for 
current sensing and logic control of the pilot arc circuit; 
seamlessly transferring current from the pilot art circuit to the 
Workpiece; and minimiZation of the components resulting in 
decreased production costs of the plasma torch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention Will be apparent from the folloWing more 
particular description of preferred embodiments of the inven 
tion, as illustrated in the accompanying draWings in Which 
like reference characters refer to the same parts throughout 
the different vieWs. The draWings are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles 
of the invention. 

FIG. 1 is a block diagram of a contact start plasma arc 
torch; and 

FIG. 2 is a detailed schematic diagram of the contact start 
plasma arc torch of FIG. 1. 

DETAILED DESCRIPTION 

FIG. 1 is a block diagram of a contact start plasma system 
100 including a poWer and gas source 101 and a contact start 
torch body 110. Generally, the contact start plasma system 
100 substantially eliminates the need for added circuitry to 
transfer betWeen the pilot arc mode and the transferred arc 
mode. Typical added circuitry includes, but is not limited to, 
current sensing and logic control of the pilot arc circuit. The 
contact start plasma system 100 eliminated this need by uti 
liZing a passive pilot arc circuit 124. The contact start plasma 
system 100 includes a torch body 110, a poWer supply 120, 
and a gas source 156. The torch body includes an electrode 
(cathode) 112 and a noZZle (anode) 114. The electrode 112 
and the noZZle 1 14 are initially in contact With each other. The 
poWer supply 120 includes a poWer source 122 and a pilot arc 
starting circuit 124. 
To start the torch 110, a loW level electrical current is 

provided through the electrode 112 and abutting noZZle 114. 
Thereafter, a high pressure gas cylinder/ source 156 provides 
gas to the plasma chamber 116. The gas has suf?cient force to 
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separate the electrode 112 and the nozzle 114. As the elec 
trode 112 and the nozzle 114 separate, a pilot arc is created 
and the gas is ionized. The pilot arc is provided from the 
current ?owing to the pilot arc starting circuit 124 from the 
poWer source 124 through the electrode 112 and the nozzle 
114. As the separation distance increases, the ionized gas 
reduces the electrical resistance betWeen the electrode and a 
Workpiece 150 creating a loW resistance current path for the 
transfer arc 158 betWeen the electrode 112 and the Workpiece 
150. The transfer arc is provided from the current ?oWing 
from the poWer source 122 to the Workpiece 150. At this point, 
the pilot arc is no longer needed and the current used to create 
the pilot arc can be sWitched to the transfer arc 158. As 
mentioned above, prior art torches use current sensing 
devices and sWitches or like devices to effectuate this transfer, 
thereby adding to the cost and the size of the overall system. 
Whereas, the pilot arc starting circuit 124 provides a seamless 
transfer of current through the use of a passive RC circuit. 
That is, as the capacitor in the RC circuit becomes more and 
more charged, the pilot current trends naturally toWard zero 
and the pilot circuit behaves as if it Were opened by a very high 
resistance value or a sWitch. Upon shutdoWn of the system 
100, the How of gas to plasma chamber 116 is terminated and 
the RC circuit is simultaneously dissipated, readying itself for 
the next starting sequence. 

FIG. 2 is a detailed schematic diagram of the contact start 
plasma system 100. The plasma system 100 includes a torch 
body 110, a poWer supply 120, and a gas source 156. 

The torch body 110 includes an electrode 112, a nozzle 
114, and an ignition circuit 140. The electrode 112 and the 
nozzle 114 are initially in contact With each other. The elec 
trode 112 and a nozzle 114 can be con?gured as a bloW 
forWard type or a bloW-back type Wherein the electrode 112 
and the nozzle 114 move or translate With respect to each 
other or any type knoWn in the art. The ignition circuit 140 
includes a trigger 142, an ignition relay 144, and a poWer 
source 146. In some embodiments, the poWer source 146 can 
include a pair of tWelve volt batteries connected in series; 
hoWever any type of poWer source knoWn in the art can be 
used. 

The poWer supply 120 includes a poWer source 122, a pilot 
arc starting circuit 124, and a pilot arc discharge circuit 130. 
The poWer source 122 can include conditioning electronics 
for operation With external poWer sources or an energy stor 
age device (e.g., a battery). In some embodiments, the poWer 
source 122 can include tWelve to sixteen tWelve volt batteries 
connected in series; hoWever any type of poWer source knoWn 
in the art can be used. The pilot arc starting circuit 124 
includes a pilot arc capacitor 126 and a pilot arc resistor 128 
coupled in series to form a passive RC circuit. The value of the 
pilot arc capacitor 126 can range betWeen 10 microfarads and 
100,000 microfarads. The value of the pilot arc resistor 128 
can range betWeen 0.1 ohms and 100 ohms. In some embodi 
ments, the pilot arc capacitor 126 has a value of 18,000 
microfarads and the pilot arc resistor 128 has a value of 5 
ohms. The pilot arc discharge circuit 130 includes a pilot 
discharge relay 132 and a pilot discharge resistor 134. In some 
embodiments, the pilot discharge relay 132 is a normally 
closed relay, but can any type of relay knoWn in the art. The 
value of the pilot discharge resistor 134 can range betWeen 0.1 
ohms and 100 ohms. In some embodiments, the pilot dis 
charge resistor 134 has a value of 5 ohms. 

The gas source includes a gas solenoid 152, a gas regulator 
154, and a gas cylinder 155. The gas solenoid 152 alloWs gas 
to How into the plasma chamber 116. The gas regulator 154 
controls the amount of gas pressure ?oWing into the plasma 
chamber 116. The gas cylinder 155 contains the type of gas to 
be used. 
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4 
To start the torch 110, the torch trigger 142 is closed; 

thereby opening the pilot discharge relay 132 and closing the 
ignition relay 144. The closure results in voltage and current 
?oWing from the poWer source 122 through electrode 112 to 
the nozzle 114. Further, the resulting closure energizes a gas 
solenoid 152 alloWing gas to How into the plasma chamber 
116. When the gas pressure in the plasma chamber 116 has 
risen to a predetermined value either the electrode 112 or the 
nozzle 114 begins to move/translate. The gas pressure can be 
set by a gas regulator 154. In some embodiments, the gas 
pressure is set to 60 psi. In some embodiments, high pressure 
air is contained in a high pressure gas cylinder 155; hoWever 
any type of reactive or non-reactive pressurized gas can be 
used. In some embodiments, the gas cylinder 155 can be a 
?ber Wound high pressure air cylinder. In some embodiments, 
the gas cylinder 155 is charged to 4500 psi With a volume of 
92 cubic inches. 

Pilot/starting current also ?oWs concurrently to the pilot 
arc capacitor 126 through the pilot arc resistor 128. The pilot 
arc capacitor 126 charging current creates a pilot arc that 
ionizes the gas as the gas pressure in the plasma chamber 116 
separates the electrode 112 and the nozzle 114. The magni 
tude of the pilot arc capacitor 126 charging current and the 
length of time the current Will How is determined by the RC 
time constant of the pilot arc circuit 124. The pilot/starting 
current enables the pilot arc capacitor 126 to begin to charge 
(i.e., store energy). In some embodiments, the pilot arc 
capacitor 126 is partially charged before separation of the 
electrode 112 and the nozzle 114 and continues to charge as 
the pilot arc forms. 

The pilot arc formed betWeen the electrode 112 and nozzle 
114 creates an ionized electrical path to the Workpiece 150 
resulting in the How of main cutting current (transfer arc) 158 
to the Workpiece 150. In some embodiments, the main cutting 
current (transfer arc) 158 and voltage ramp up to their maxi 
mum operating values over several tens of milliseconds. The 
pilot current continues to charge the pilot arc capacitor 126 at 
a continually decreasing rate until the capacitor 126 becomes 
essentially fully charged. The amount of charge time required 
to fully charge the capacitor is determined only by the RC 
time constant. At this point, the pilot arc circuit 124 naturally 
opens and the pilot current stops ?oWing through the pilot 
circuit 124 and only the main cutting current (transfer arc) 
158 ?oWs to the Workpiece 150. Thus, the passive pilot arc 
circuit 124 provides a seamless/automatic/natural transfer of 
current to the Workpiece 150. 

To turnoff the system 103, the trigger 142 is released open 
ing the ignition relay 144 and closing the discharge relay 132 
of the discharge circuit 130. The closing of the discharge relay 
132 alloWs the pilot arc capacitor 126 to discharge through the 
pilot discharge resistor 134. The plasma system 103 is noW 
ready to be restarted. In some embodiments, such as plasma 
torches started manually via a hand operated trigger, the 
discharge relay 132 can be replaced With a “double-pole 
double-throW” sWitch type trigger, Wherein the circuit is dis 
charged upon release of the trigger. 
The magnitude of the current How to the Workpiece 150 is 

determined by the current output capacity of the poWer source 
122 and the electrical characteristics of the transferred plasma 
arc. Some factors contributing to controlling the current out 
put capacity of the torch, alone or in combination, include a) 
consumable design that determines operating plasma arc 
voltage and the resistive character of the plasma arc; b) over 
all cutting circuit electrical resistance; c) state of battery 
charge; and d) battery open circuit voltage. It should be under 
stood by in skilled in the art that other factors may also be 
considered. 

While this invention has been particularly shoWn and 
described With references to preferred embodiments thereof, 
it Will be understood by those skilled in the art that various 
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changes in form and details may be made therein Without 
departing from the scope of the invention encompassed by the 
appended claims. 
What is claimed is: 
1. A contact start plasma arc system, comprising: 
a torch body; 
an electrode having a longitudinally disposed axis and 
mounted in the body; 

a noZZle having a longitudinally disposed axis, the noZZle 
axis being disposed substantially collinearly With the 
electrode axis; 

a poWer supply coupled to the electrode, the noZZle and a 
Workpiece, the poWer supply providing a current for 
operating the torch in a pilot arc mode and a transferred 
arc mode; and 

a passive pilot arc circuit coupled betWeen the poWer sup 
ply and the noZZle, Wherein the pilot arc circuit controls 
the operation of the torch in the pilot arc mode and 
automatically disconnects poWer to the pilot arc mode to 
facilitate an automatic transfer from the pilot arc mode to 
the transferred arc mode by reducing a pilot current 
toWards Zero as a pilot capacitor in the pilot arc circuit 
becomes more charged. such that the pilot arc circuit 
opens and the pilot current stops ?oWing through the 
pilot arc circuit When the pilot capacitor becomes essen 
tially fully charged. 

2. The system of claim 1, Wherein the pilot arc circuit 
includes a pilot resistor. 

3. The system of claim 2, Wherein the pilot capacitor and 
pilot resistor are coupled in series. 

4. The system of claim 2, Wherein the pilot capacitor has a 
value ranging between 10 microfarads and 100,000 microfar 
ads. 

5. The system of claim 4, Wherein the pilot capacitor has a 
value of 18,000 microfarads. 

6. The system of claim 2, Wherein the pilot resistor has a 
value ranging betWeen 0.1 ohms and 100 ohms. 

7. The system of claim 6, Wherein the resistor has a value of 
5 ohms. 

8. The system of claim 2, further including a discharge 
circuit coupled in parallel to the pilot capacitor for the dis 
charging the pilot capacitor. 

9. The system of claim 8, Wherein the discharge circuit 
includes a discharge resistor and a discharge relay. 

10. The system of claim 8, Wherein the discharge circuit 
includes a discharge resistor and a double-pole double-throW 
trigger sWitch. 

11. The system of claim 1, Wherein either electrode or the 
noZZle is translatable. 

12. The system of claim 1, Wherein the automatic transfer 
occurs at a predetermined time. 

13. The system of claim 12, Wherein the predetermined 
time is determined from an RC time constant of the passive 
pilot arc circuit. 

14. The system of claim 1, further including a gas source 
coupled to the plasma chamber. 

15. A method for operating of a contact start plasma sys 
tem, comprising: 

providing a contact start plasma arc torch having an elec 
trode and a noZZle disposed in a torch body; 

supplying electrical poWer to the torch for operation in a 
pilot arc mode and a transferred arc mode; 

charging a pilot capacitor of a passive pilot arc circuit; and 
automatically disconnecting poWer to the pilot arc mode of 

the torch through the passive pilot arc circuit to facilitate 
an automatic transfer from the pilot arc mode to the 
transferred arc mode by reducing a pilot arc current 

6 
toWards Zero as the pilot capacitor in the pilot arc circuit 
becomes more charged, such that the pilot arc circuit 
opens and the pilot current stops ?oWing through the 
pilot arc circuit When the pilot capacitor becomes essen 

5 tially fully charged. 
16. The method of claim 15, Wherein poWer to the pilot arc 

mode is naturally disconnected at a predetermined time. 
17. The method of claim 16, Wherein the predetermined 

time is determined by an RC time constant of the passive pilot 
arc circuit. 

18. The method of claim 15, Wherein a magnitude of the 
pilot arc current is determined by an RC time constant of the 
pilot arc circuit. 

19. The method of claim 15, Wherein the pilot arc circuit 
includes a pilot resistor. 

20. The method of claim 19, Wherein the pilot capacitor and 
pilot resistor are coupled in series. 

21. The method of claim 15, further including: 
removing electrical poWer to the torch; and 
discharging the pilot arc capacitor through a discharge 

circuit. 
22. The method of claim 21, Wherein the discharge circuit 

includes a discharge resistor and a discharge relay. 
23. The method of claim 21, Wherein the discharge circuit 

includes a discharge resistor and a double-pole double-throW 
trigger sWitch. 

24. The method of claim 15, Wherein disconnecting poWer 
to the pilot arc mode results in a seamless transfer of current 
to a Workpiece. 

25. The method of claim 15, Wherein either electrode or the 
noZZle is translatable. 

26. The method of claim 15, further including supplying 
gas to the torch for operation in the pilot arc mode and the 
transferred arc mode. 

27. A contact start plasma system, comprising: 
means for supplying electrical poWer to a contact start 

plasma arc torch for operation in a pilot arc mode and a 
transferred arc mode; and 

means for automatically disconnecting poWer to the pilot 
arc mode of the torch though a passive pilot arc circuit to 
facilitate an automatic transfer from the pilot arc mode to 
the transferred arc mode by reducing a pilot current 
toWards Zero as a pilot capacitor in the pilot arc circuit 
becomes more charged, such that the pilot arc circuit 
opens and the pilot current stops ?oWing through the 
pilot arc circuit When the pilot capacitor becomes essen 
tially fully charged. 

28. The system of claim 27, further including means for 
supplying gas to the contact start plasma arc torch for opera 

50 tion in the pilot arc mode and the transferred arc mode. 
29. A poWer source for a contact start plasma arc system, 

comprising: 
a poWer supply for supplying electrical poWer to a torch for 

operation in a pilot arc mode and a transferred arc mode; 
and 

a passive pilot arc circuit for automatically disconnecting 
poWer to the pilot arc mode, the passive pilot arc circuit 
comprising a pilot capacitor that automatically discon 
nects the pilot arc circuit to facilitate an automatic trans 
fer from the pilot arc mode to the transferred arc mode by 
reducing a pilot current toWards Zero as the pilot capaci 
tor in the pilot arc circuit becomes more charged, such 
that the pilot arc circuit opens and the pilot current stops 
?oWing through the pilot arc circuit When the pilot 
capacitor becomes essentially fully charged. 
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